Abstract -2.5D relativistic electromagnetic PIC code for simulation of beam interaction with plasma in axialsymmetric geometry was developed. Accurate charge weighting scheme and difference schemes near the system axis were introduced. Simulation tests of electromagnetic wave interaction with inhomogeneous plasma were carried out.
I. INTRODUCTION
A lot of problems in plasma electronics (the nonlinear stage of beam-plasma interaction, dynamics of electron bunches in wake fields excited by them in plasma, the Bursian effect in injection of strong electron bunches, etc.) can be solved only by means of computer simulation.
The method of particles in cells is used intensively numerical simulation of plasma [1] . This method is used for the simulation of phenomena in space, ionosphere, various discharges, plasma display cells etc.
Majority of existing programs for beam-plasma simulation are electrostatic. But using such codes [2] [3] we cannot observe effects of electromagnetic waves propagation or radiation in plasmas. The equations of particles motion which are integrated are not relativistic, but it is necessary to solve the relativistic equations of motion in many cases.
The aim of this work is to present the relativistic electromagnetic code for beam-plasma systems simulation with axial symmetry using a method of particles in cells with a longitudinal magnetic field.
II. DESCRIPTION OF DIFFERENCE SCHEMES
The two-dimensional cell in cylindrical coordinates (r-z) for the presented axial-symmetric code is showed on Fig. 1 . Points are marked where each component of field, potential, charge and current are calculated. Large particle have a shape of the ring which can move along z axis, vary its radius moving in radial direction and rotate azimuthally. It is possible to simulate propagation of electromagnetic waves of E type in two dimensional systems without z component of magnetic field H accordingly. But in some cases the presence of this component is important (e.g., dynamics of an electron bunch injected along the magnetic field). In the proposed code the space grid remains two-dimensional, but large particles have three components of velocity which results in three components of electric and magnetic field. Therefore electromagnetic waves of H type arise in the system. For solution of Maxwell equations' set the method of finite differences in time domain (FDTD) was used [4] [5] . This method is based on Yee algorithm, which allows finding both electrical and magnetic field in time and space using first pair of the Maxwell equations (the law of Ampere's circuital law with Maxwell's correction and the electromagnetic induction law).
3D elementary cell in cylindrical geometry is represented on Fig.2 . Each point where electric field component is calculated is surrounded in a plane perpendicular to its direction by four points, where magnetic field components are calculated. Oppositely, each point where the magnetic field component is calculated is surrounded by four points where electric field components are calculated.
Thus difference schemes for and components of the field take a form:
III. FEATURES OF NEAR AXIS CALCULATIONS
Solution of equations (1)- (2) has some specific features in the cylindrical coordinate system connected with the calculation of field's components near the system axis. One can see from Fig. 2 that electromagnetic field components E , E z and H r are found on the axis, and E r , H and H z components are found at the distance r/2 from the axis. b Fig. 3 . Calculation of electric field components E z ( ) and E (b) near the axis of the system On the axis H r =0, but the set (1)-(2) cannot be used for E z and E calculation near the axis. Therefore, the first Maxwell equation in the integral form should be used in order to obtain the field near the axis: 
Calculating integral for the cell allocated on the system axis (see Fig.3 a) and taking into account that its radius is equal to r/2, it is possible to obtain E z : 
